To prospectively investigate associations of dairy consumption with risk of type 2 diabetes and changes of cardiometabolic traits.
The epidemic of type 2 diabetes has emerged as a major global public health problem in the past several decades (1) . In China, the prevalence of type 2 diabetes reached 9.7% in 2008, translating into 92.4 million diabetic patients (2) . In this regard, effective methods are urgently needed for disease prevention.
Milk protein has been reported to be positively correlated with type 1 diabetes risk (3), although several bioactive components in dairy products may potentially lower risk of type 2 diabetes (4). However, only some prospective studies have observed inverse associations between dairy consumption and risk of diabetes (5-7), whereas others reported null findings (5, (8) (9) (10) (11) (12) . In this regard, prospectively investigating associations between dairy consumption and cardiometabolic traits related to diabetes may shed light onto the relationship between dairy consumption and risks of diabetes. Nevertheless, current findings in dairy consumption and cardiometabolic traits, such as glucose homeostasis and adiposity, remain inconclusive (12) (13) (14) (15) .
In most existing studies, dairy consumption was assessed by selfreported food frequency questionnaires (FFQs), which may be subject to measurement errors (16) . Several circulating fatty acids (e.g., 15:0, 17:0) have been suggested as biomarkers of dairy consumption (17) (18) (19) , and they were reported to be associated with lower risk of diabetes (20, 21) or cardiovascular disease (22, 23) . Previously, we found that erythrocyte trans-18:1 isomers are associated with dairy product consumption and lower prevalence of metabolic syndrome and diabetes in middle-aged and older Chinese men and women (24) . These findings indicate that dairy products could be an important source for trans-18:1 isomers in this population. However, the cross-sectional nature of the analysis limited causal inference.
In the current study, we aimed to prospectively investigate the associations of dairy consumption with risk of type 2 diabetes and changes of cardiometabolic traits during follow-up. We further evaluated whether erythrocyte trans-18:1 isomers, as biomarkers of dairy food intake, are also associated with risk of diabetes.
RESEARCH DESIGN AND METHODS
The study population included male and female Chinese aged 50-70 years who participated in the Nutrition and Health of Aging Population in China study, a population-based, prospective study (25, 26) . In 2005, 3,289 participants were enrolled by multistage sampling from two urban districts and one rural district in Beijing and Shanghai, two representative municipals of northern and southern China. After 6 years of follow-up, 2,529 participants were revisited. For the current study, individuals with prevalent diabetes (n = 331) or implausible daily energy intake (,800 or .4,000 kcal/day for men and ,500 or .3,500 kcal/day for women) (n = 107) at baseline were excluded, therefore the final analyses included 2,091 individuals. The study protocol was approved by the Institutional Review Board of the Institute for Nutritional Sciences, and all participants provided written informed consent at both baseline and follow-up.
Data Collection
Data on demographics, health status, lifestyle, and physical activities were collected by standardized questionnaires. Education attainment (0-6 years, 7-9 years, or $10 years), smoking (current, former, or never), physical activity (low, moderate, or high), and family history of chronic disease (yes or no) were defined as previously described (25) . Alcohol drinking was classified into three groups: high (.30 g/day for men and .15 g for women), moderate (5-30 g/day for men and 5-15 g/day for women), and low (,5 g for both sexes). After overnight fasting, participants were invited to take a physical examination. Body weight, height, waist circumference, and blood pressure were measured by standard protocol (25) .
Fasting venous blood samples were collected at both baseline and followup; EDTA was used as the anticoagulant. Plasma and erythrocytes were then stored at 2808C before analysis (25 
Statistical Analysis
Participants were categorized into four groups (no consumption [0-0.5 serving/ day], 0.5-1 serving/day, and .1 serving/day) on the basis of their intake of total dairy products. To evaluate the consumption of milk or other dairy products separately, the participants were classified as no consumption, 0-0.5 serving/day, and .0.5 serving/day.
Characteristics of the participants according to total dairy consumption groups were compared by ANOVA for continuous variables and x 2 test for categorical variables. Because of the high incidence of type 2 diabetes in the study population, relative risks (RRs), CIs, and P for trend for type 2 diabetes were estimated with log-Poisson models, which provided consistent, but not fully efficient estimates of the RRs and CIs (32) . Age, sex, region (Beijing, Shanghai), and residence (urban, rural) were adjusted in model 1. Smoking status, BMI, family history of diabetes, and dietary fiber intake were controlled in model 2 according to the results from backward stepwise regression based on model 1, which included education attainment, smoking status, drinking status, family history of diabetes, physical activity, total energy intake, BMI, dietary carbohydrate and fat (% of total energy) intake, dietary GI, and red meat, vegetable, fiber, and soymilk intake as potential confounding factors. We further adjusted for changes of cardiometabolic traits during follow-up based on model 2 to investigate whether these changes contributed to the dairy-diabetes association. Analysis was stratified by age (median ,59 or $59 years), sex, BMI (,25 or $25 kg/m 2 ), and HOMA-IR (median ,3.23 or $3.23). When modeling associations of erythrocyte trans-18:1 isomers and risk of type 2 diabetes, other erythrocyte trans fatty acids (trans-18:2n-6 9c12t and trans-18:2n-6 9t12c) were also adjusted in model 2, and total dairy intake was adjusted in model 3. Differences in changes of cardiometabolic traits according to total dairy consumption categories were compared in general linear models after multivariate adjustment, including the corresponding value of each metabolic trait at baseline. Spearman correlation coefficients between dairy intake and erythrocyte trans fatty acids were calculated after controlling for age, sex, region, residence, and total energy intake. All analyses were performed with Stata 9.2 (Stata Corp, College Station, TX). Two-sided P , 0.05 was considered statistically significant.
RESULTS

Characteristics of Study Population
Only 1,202 (57.5%) participants consumed any dairy product at baseline, and their median consumption was 0.89 (interquartile range 0.19-1.03) serving/ day. The baseline characteristics of participants according to total dairy consumption are shown in Table 1 . Participants with higher dairy consumption at study entry were younger and more likely to be women, nonsmokers, and northern and urban residents and had education $10 year and family history of diabetes.
Moreover, they had lower physical activity and higher BMI. Dairy consumers also had lower carbohydrate and dietary GI but higher intakes of fat, red meat, vegetables, dietary fiber, and soymilk.
Dairy Consumption and Risk of Type 2 Diabetes
After 6 years of follow-up, 24.1% (n = 504) of the study participants had type 2 diabetes. Compared with individuals without dairy consumption, RR (95% CI) of type 2 diabetes was 0.73 (0.58-0.92) for those consuming 0.5-1 serving/day and 0.67 (0.52-0.88) for those consuming .1 serving/day, after adjustment for age, sex, region, and residence (P for trend , 0.001) ( Table  2 ). The associations were not changed after multivariate adjustment in model 2. Those who had 0. Table 1 ).
Dairy Product Consumption and Changes in Cardiometabolic Traits
We further calculated changes in cardiometabolic traits during 6 years of follow-up according to total dairy consumption at baseline (Table 3) , after Spearman correlation coefficients of erythrocyte trans-18:1 isomers were 0.37 (P , 0.001) for intake of total dairy products and 0.35 (P , 0.001) for milk after adjustment for age, sex, and total energy intake (Supplementary Table 2 ). There was an inverse association between erythrocyte trans-18:1 isomers and risk of type 2 diabetes (Table 4) . RR in the fourth quartile was 0.81 (0.65-1.02, P for trend = 0.01); however, further adjustment for total dairy consumption attenuated the association (0.91 [0.72-1.16], P for trend = 0.15).
Sensitivity Analysis on Risk of Diabetes
In a sensitivity analysis, we further included HbA 1c $6.5% in diabetes diagnostic criteria and subsequently identified a total of 879 diabetic patients with the new criteria among 2,003 participants who were free of diabetes at baseline. In this analysis, the inverse associations for dairy and milk consumption remained (Supplementary Table 3 ). The associations between trans-18:1 isomers and diabetes risk were somewhat attenuated after further adjustment for lifestyle factors and BMI (Supplementary Table 4 ).
CONCLUSIONS
We found that total dairy consumption was associated with a lower risk of diabetes and favorable changes in fasting glucose, waist circumference, BMI, and blood pressure in middle-aged and older Chinese during 6 years of follow-up. These associations were independent of established diabetes risk factors. In addition, erythrocyte trans-18:1 isomers were associated with a lower risk of diabetes, which appeared to be explained by dairy product consumption. All these findings suggest potential benefits of dairy consumption on metabolic disorders.
According to a Medline search of English-language publications through March 2013, few studies have investigated associations of dairy products with the risk of diabetes among populations with low overall dairy consumption. Chinese National Nutrition and Health Survey (2002) data showed that mean dairy consumption was 27 g/day for Chinese, whereas this number was .240 g/day for Americans during the same period (33) . Despite the low level of intake, dairy is associated with a significantly reduced risk of diabetes in the current study. Similarly, Villegas et al. (34) reported that compared with nonconsumers, the RR (95% CI) for type 2 diabetes was 0.61 (0.54-0.69) for women consuming ,100 g/day of milk and 0.74 (0.67-0.82) for women consuming powdered milk in the Shanghai Women's Health Study. These associations among Chinese populations seemed stronger than those from a previous meta-analysis, which showed that the risk of type 2 diabetes was 14% lower in the highest quintile of total dairy consumption compared with the lowest quintile (5, 35) . Several recent studies, on the other hand, did not find significant associations between dairy product consumption and diabetes (8) (9) (10) (11) (12) . For example, Sluijs et al. (10) showed that the RR (95% CI) for type 2 diabetes comparing extreme quintiles of total dairy consumption was 0.97 (0.82-1.15, P = 0.69) by pooling case-cohort samples from eight countries in the European Prospective Investigation into Cancer and Nutrition study (10,694 participants with incident type 2 diabetes and 13,780 in the subcohort). It is worth noting that the reference group participants in these studies often consumed considerable amounts of dairy products (up to 1 serving/day). Such a consumption level might already exhibit protective effects according to findings from the current study. Thus, this observation could partly explain the reason for the lack of benefit from higher dairy consumption in previous studies.
Accumulating evidence from human studies has shown inverse associations between dairy consumption and blood pressure and body fat (11, 14, 15) . In contrast, findings on glucose homeostasis are rather limited, and potentially beneficial effects have been found only in certain subgroups. For example, Pereira et al. (36) showed that dairy consumption was associated with lower fasting glucose and blood pressure and smaller waist circumference during 10 years of followup among overweight participants. Moreover, Samara et al. (13) reported that milk, yogurt, and cottage cheese consumption was associated with 5-year favorable changes of fasting glucose in men (n = 288) but not in women. Among 40,000 Danish subjects aged 50-64 years, a high-fat dairy consumption was also found to be inversely associated with 5-year changes in waist circumference for women but not for men (37) . In the current study of Chinese participants, dairy consumption was associated with favorable changes in glucose level, waist circumference, BMI, and blood pressure in the total population, regardless of obesity status and sex. We also found that the beneficial effects of dairy food on fasting glucose may partly account for the inverse association between dairy food and diabetes risk. These observations deserve replication in future studies among populations with relatively low dairy consumption levels.
In the current study, dairy products were likely to be an important source for trans-18:1 isomers (4). The observed correlation coefficient of trans-18:1 isomers with total dairy consumption (r = 0.37, P , 0.001) was comparable to previous studies investigating associations of dairy intake measured by FFQ, with 15:0 and 17:0 in plasma, erythrocyte, or adipose tissue (18, 19) . However, the finding was distinct from a previous study in the U.S. that showed trans-18:1 isomers in plasma phospholipids were mainly associated with intakes of food high in industrialized trans fatty acids, such as biscuits, chips and popcorn, margarines, fried food, and bakery food (38) . This may be attributable to our participants being middle-aged and older Chinese who were less influenced by a westernized diet and had low trans fatty acids in their diet. This conclusion is further supported by two observations. The current study has several strengths. First, we used both FFQ and dairy fat markers to assess dairy consumption and analyzed their associations not only with risk of diabetes but also with changes in several cardiometabolic traits. These data consistently showed an inverse association between dairy consumption and risk of diabetes. Second, the low dairy consumption in the study population enabled us to include participants without any dairy consumption as the reference group and to investigate the potential benefits of dairy consumption at a low level.
The study also has several limitations. First, 23.1% of participants were lost to follow-up and were more likely to be male urban participants with a high education level and high income (40) . They also had higher baseline dairy consumption compared with other participants (0.65 vs. 0.46 serving/day). This differential loss of follow-up may bias the true association to the null because dairy consumption is inversely associated with diabetes risk. Second, most of the incident diabetes cases were diagnosed on the basis of fasting glucose; therefore, the misclassification of incident diabetes was inevitable. Nevertheless, we believe that participants with different dairy food intake levels had similar proportions of misclassification, which would likely nullify the associations under investigation. Third, most incident diabetes cases were diagnosed at the follow-up visit, and exact person-years of follow-up could not be obtained. Finally, although we extensively controlled for lifestyle and dietary factors, there is still a possibility of residual confounding. The participants who consumed dairy products were more likely to be female, younger, welleducated, and nonsmokers and to have a higher consumption of vegetables and dietary fibers, indicating that they may be more health conscious and have an overall higher quality diet (41) . However, these variables were not associated with risk of diabetes according to the results of stepwise regression, and controlling for these variables did not alter the association between dairy consumption and diabetes (data not shown).
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